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(54) Title: PLASTICISING EXTRUDER SCREW 



(57) Abstract 

A plasticating extruder screw effectively broadens the useful operating range of the single screw extruder by incor- 
porating two or more screw configurations into a single screw. This is accomplished with two or more parallel channels 
(12, 14) in which each channel is designed to a different set of materials and performance requirements reflecting the range 
of the materials to be processed. The extrusion screw in fact represents two or more screws in a single screw in which each 
performs its function independently of the other. Thus, each channel in this screw differs from the others in critical design 
parameters such as compression ratio, length and depth of its feed, transition and metering zones. This multiconflguration- 
al design feature may occupy part or the entire length of the extruder as dictated by the specific characteristics of the mate- 
rials to be processed. A mixing and stabilization zone placed at or near the entrance of the metering zone of the screw pro- 
vides for melt flow interaction and equilibration between channels. The screw terminates in a metering zone comprised of 
one or more channels designed in accordance with known principles. 
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Plasticising extruder screw. 

Background of the Invention 

Extrusion screws featuring two or more parallel 
channels are among the first types of screws used in 

5 the trade. These screws, in which all channels 

within a given screw are of identical configuration, 
usually of relatively low compression ratio as 
measured by the ratio of feed to meter channel 
depth. These types of screws were replaced by the 
10 single channel screw which was found to be more 
effective than the multichannel screw described 
above. Increasing emphasis was placed on optimiza- 
tion of the single channel screw with the aid of 
computer programs as these became available. While 

15 these developments produced considerable performance 
improvements they, nevertheless, failed to cope with 
the variability in materials and process encountered 
in the trade. 

The last decade witnessed the appearance of 

20 several unique types of extrusion screws intended to 
overcome the variability problems described. The 
most noteworthy of these developments is the barrier 
screw. While many variations of the basic barrier 
concept were produced, they all feature a 

25 nonparallel minor flight in the transition, i.e. 

melting, zone whose purpose is to separate the solid 
from the melt where these two phases coexist. It 
accomplishes this by allowing the melt to pass over 
the minor flight which is of a lesser height than 

3Q the major flight while containing the solid pellets 
in the original channel. The minor flight is faced 
out at the calculated point of complete conversion 


o 


WO 8&/01227 


PCT/US87/02062 


-2- 


of solid to melt. This condition is only realized 
when design parameters are satisfied which is rarely 
the case in practice. 

Summary of the Invention 

05 In accordance with the present invention , an 

extruder plasticizing screw comprises two or more 
parallel channels defined by parallel flights. Each 
channel is of unique configuration relative to 
width , depth and/or length of its functional feed 

10 transition and/ or metering zones. Each channel 
receives the supply of material, but each is 
designed to a different set of material 
characteristics in order to extend the range of 
materials which can be handled by the screw. The 

15 output of the two channels is mixed in a mixer which 
may be incorporated onto the screw. The flights 
defining the channels provide minimal clearance to 
minimize interference between the channels prior to 
mixing* 

20 Preferably, the melt emerging from the channels 

is pooled in a single channel. The single channel 
has a cross- sectional area adjacent to the exit end 
of the multichanneled section at least 20 percent 
greater than the cross-sectional area of the 

25 discharge end of the multichanneled section. 

Brief Description of the Drawings 

Figure 1 illustrates the performance 
characteristics of a screw embodying the present 
invention and of a commercially available barrier 
30 mixer type of screw. 
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Figure 2A is a side view of a screw embodying" 
the present invention, Figure 2B is the root 
diameter profile of the screw, and Figure 2C sets 
forth additional design parameters of the screw* 

5 Preferred Embodiment 

The screw is the heart of any extruder. It 
performs all of the essential functions of the 
extruder which include solids conveying and com- 
pacting, melting, mixing and homogenization of the 

10 melt, and pumping which it must do at a consistent 
rate. Failure in any one of these functions will 
adversely affect the others. Optimum performance of 
these functions is achieved through the development 
of a screw configuration dictated by specific 

15 materials and performance characteristics. The 
polymeric material processed by such extruders is 
usually supplied in pellet, powder or granular form. 
It is well known in the art that these materials 
differ widely in their processing characteristics. 

20 In fact, lot to lot variations within a specific 

type or brand of polymer from a single source is not 
uncommon. The use of scrap necessitated by economic 
considerations further aggregates variability in the 
feed stock as dissimilar particles exhibit different 

25 processing characteristics. This can cause destabi- 
lization in the feed and melting zones which usually 
remain uncorrected in the metering zone. It is a 
common practice among converters to resort to the 
use of several screws to effectively cope with such 

30 material variability. 

It is the objective of this invention to 
provide a multiconf igurational screw in a single 
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screw which has a broader useful operating range 
than is obtainable with a single configxiration. 
This is accomplished by incorporating two or more 
parallel channels in critical portions of the screw 

05 in which each channel is optimized to a different 
set of materials and performance characteristics 
reflecting the variability encountered in the 
material to be processed. The flights separating 
the channels are designed to a minimum clearance so 

10 that each channel functions with the minimum 

interference from adjacent channels* Each channel 
thus formed differs from the other in important 
design parameters such as compression ratio , length 
and depth of its zones particularly its feed aiid 

15 transition zones. Each channel is designed for 
optimum performance to different materials and 
performance requirements dictated by variations 
encountered in the material and process. Problems 
developed in one channel will be compensated for in 

20 the other with the configuration better matched to 
the material processed. A mixing and flow 
stabilization zone placed in the metering zone near 
the end of the multi-con figur at ional section of the 
screw insures equilibration and stabilization of the 

25 melt quality and flow. 

The multiconfigurational screw of the invention 
was found to exhibit a broader operating range than 
is obtained with single channel screws and other 
types known in the trade. Performance 

30 characteristics of such a screw are depicted for a 
number of difficult to process polymers in Figure 1. 
A similar performance study performed on a screw 
enjoying wide customer acceptance in the trade 
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is depicted in Figure 1. While the commercial screw 
of Figure 1 exhibits a decline in its pumping 
efficiency with increasing output , i.e. RPM as 
measured by its displacement in pounds per 

05 revolution the screw of this invention exhibited 
constant and, in some cases, improved pumping 
efficiency with increasing RPM. This result is 
particularly surprising in the case of the high 
density polyethylene, both of which are known for 

10 their poor processing characteristics. The other 
surprising fact revealed in this study is the wide 
range of dissimilar materials so effectively 
processed in the screw of this invention. 

Another less obvious benefit attributable to 

15 high pumping efficiency is the reduction in shear 
energy per pound of material processed which should 
be kept to a minimum with most polymers. 

Still another advantage observed with the type 
of screw described herein is in the dimensional 

20 consistency of the extrudate as measured by the mean 
and standard deviation data shown below in com- 
parison to a standard. Accordingly, the screw of 
subject invention exhibits less fluctuations and 
greater tolerance for materials related variables 

25 than the standard used in these tests. The standard 
is a barrier type screw which enjoys considerable 
popularity in the trade. 
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Variations in film thickness 
at 60 screw RPM. observed with the commercial 
and nmlticonf iqurational screws 

MATERIAL MI COM. (STP) SCREW MULTICONFIGURATIONAL 

GA(mils) STD.D GA(mils) STD.D 


HDPE *A* 

0.4 

4.1 

0.7 

4.2 

0.3 

HDPE *B' 

0.6 

4.8 

0.5 

m 

4.7 

0.2 

LLDPE 

1.5 

4.5 

0.9 

4.6 

0.6 

Mod'd r A« 

0.7 

4.3 

0.4 

4.4 

0.4 


10 The essential design features of the extrusion 

screw described above are detailed in Figures 2A-2C. 
Accordingly r said screw contains two or more 
parallel channels 12 and 14 separated by parallel 
flights 16 and 18 in the feed zone and at least in 

15 50% of the transition zone. It is essential that 
each channel in this section of the screw is 
designed to a different set of design parameters 
defining the range of variability encountered with 
the materials to be processed. In this example the 

20 configurational differences were developed for 
optimum solid conveying and melting of polymeric 
material differing in bulk density as is the case 
with the inclusion of reclaimed scrap in virgin 
resin at varying concentrations. The resulting 

25 channels exhibit significant configurational 

differences in the feed, transition and metering 
zones as illustrated in Figure 2A-2C. 

In particular r it can be noted from the root 
diameter profile of Figure 2B and the number of 
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turns indicated in Figure 2C that each zone is of a 
different length for each channel. In particular f 
the first channel has a feed zone of 4.5 inches and 
three turns, a transition zone of 13.5 inches and 

05 nine turns and a meter zone of 3 inches and two 
turns* The second channel on the other hand has a 
feed zone of twice the length, 9 inches and six 
turns, a transition zone of 10; 5 inches and seven 
turns and a meter zone of only 1.5 inches and one 

10 turn. The lengths Ll and L2 between common points 
on each flight remain constant for both flights at 
1.5 inches. The depths of the channels vary 
differently as illustrated by the broken and solid 
lines of Figure 2B and the dimensions set forth in 

15 Figure 2C. The first channel has a compression 
ratio at XX of 2 . 8 , and the second channel has a 
compression ratio of 2.0. 

An important element in this screw consists of 
a mixing and stabilization zone placed at or near 

20 the end of the multichanneled section. Any mixing 
configuration known in the art may perform ade- 
quately. In its simplest form, this zone may be 
comprised of a single channel having a melt volume 
cross-sectional area, YY, at least 20 percent 

25 greater -than the combined cross-sectional areas of 
the preceding multi- channel led section, XX. Melt 
mixing and stabilization is further enhanced by a 
complete interruption of the flights for a short 
interval, i.e. .25 to approximately 1 inch, at the 

30 entrance of the decompression point, YY, preferably 
between the mixing and the decompression sections, 
i.e. at ZZ on the drawing. The sequence of mixers, 
interrupted flight portion and decompression channel 
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comprising an effective melt mixing and flow- 
stabilization zone. The screw is terminated at the 
discharge end by a single or multichanneled metering 
section designed in accordance to know principles of 
5 extrusion. 
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CIAIMS 


1. An extruder plasticating screw comprised of two 
or more parallel channels defined by parallel 
flights in which each channel is of unique 


2. An extrusion screw as claimed in Claim 1 in 

which the feed zone and at least 50 percent of 
the transition or melting zone is comprised of 
two or more parallel channels. 

10 3. An extrusion screw as claimed in Claim 1 in 

which each channel is designed to a different 
set of materials characteristics. 

4. An extrusion screw as claimed in Claim 1 in 


5. An extrusion screw as claimed in Claim 1 in 

which each channel differs from the other in at 
least one of several dimensional characteris- 
tics including width , depth or length of its 


5 


configuration . 


15 


•which each channel is designed to a different 
set of process requirements. 


20 


functional zones which include the feed, 
transition or melting, and metering zones. 


6. 


An extrusion screw as claimed in Claim 1 in 
which the melt emerging from the various 
channels is 'pooled 1 in a single channel. 
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7 . An extrusion screw as claimed in Claim 1 in 
which the melt emerging from the various 
channels is combined and mixed in a common 
mixing section. 

5 8- A screw as claimed in Claim 6 in which the 
single channel has a cross sectional area 
adjacent to the- exit end of the multichannelled 
section at least 20 percent greater than the 
cross sectional area of the discharge end of 
10 the multichannelled zone or section. 

9. A screw as claimed in Claim 8 which has a melt 
mixing and stabilizing zone comprised of a 
mixing section as described in which the melt 
emerging from the various channels is combined 

15 and mixed* 

10 . An extrusion screw as claimed in Claim 9 
containing a melt mixing and stabilizing zone 
comprised of a mixing section followed by a 
decompression channel in which the channel 

20 flight (s) are completely interrupted for a 

short interval between the mixing and decom- 
pression channel r said interval being about 
0*25- to 1 inch in length. 


11. 

25 


An extrusion screw as claimed in Claim 1 which 
terminates at the discharge end in a single or 
multichannel metering section. 
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12. An extrusion screw as claimed in Claim 1 
wherein each of the two or more parallel 
channels includes a feed f transition and meter 
zone, the lengths of the zones differing 

5 between channels. 

13 . An extrusion screw as claimed in Claim 1 
wherein the flights provide minimal clearance 
to minimize interference between channels. 

14. An extruder incorporating the screw of Claim 1 
10 further comprising a single feed to both 

channels and means for mixing the outputs of 
the two channels. 
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PERFORMANCE CHARACTERISTICS 
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